The development of environmentally benign solid base catalysts instead of the soluble bases for C-C bond formation in organic reactions especially Henry reactions with nitroalkanes compounds is of intense research activity in the bulk and fine chemical chemistry in order to achieve the selectivity of the desired product and the reduction of the salts formed due to soluble bases neutralization. While using of LDHs catalysts in the synthesis of nitro alcohols is of great interest because LDHs (double layered hydroxides) is of unique properties and an excellent catalytic property. The nitroalcohols are obtained in a very good yield while using catalyst either by conventional at 90˚C in liquid phase, microwave or sonoenergy without solvent methods, and the results yields are compared. A series of different nitro alcohols from (a -o) were prepared, the catalytic test reaction were carried out using benzaldehyde and their derivatives with nitromethane and their derivatives. A series of LDHs catalysts were prepared also and studying of the catalytic effect on the reactions was carried out. Properties of the compounds prepared were characterized by IR, MNR, and GC-MS.
The classical methods for the C-C coupling in Henry reaction using soluble bases such as alkali metal hydroxides, carbonates, bicarbonates, alkoxides, alkaline earth metal hydroxide, and aluminium ethoxides, complexes, and also organic bases such as primary, secondary and tertiary amines usually resulted in dehydrated products [2] . Therefore, careful control of the basic properties of the reaction medium is vital to obtain better yields of β-nitroalcohols. However, the efforts done by the researchers in the literature required longer reaction times and produced moderate yields [3] [4] . The stoichiometric organic synthesis largely applied so far resulted in large quantities of inorganic salts as byproducts;
the disposal of such material causes a serious problem due to the important environmental issues [5] .
The remarkable progress in the competition in the industry has pushed the researchers to develop more effective catalytic processes in the synthesis of fine chemicals.
The products of the Henry reaction, representing C-C bond formation, are important materials extensively used in many organic syntheses [6] . The greatest challenge in the selective synthesis of 2-nitroalkanols in the multiple product options such as aldol olefin and its polymer and Cannizaro products is the selection of the right type of base [7] .
Significant improvements to the Henry reaction have been achieved by using silyl nitronates in the presence of fluoride ion or altematively α-α doubly deprotonated primary nitroalkanes [8] .
Both of these procedures have proved to be useful for the stereo selective preparation of vicinal amino alcohols under drastic conditions, which reduced diastereoselectivity with aromatic aldehydes. In order to obtain better yields and diastereoselectivity of 2-nitroalcohols, it is necessary to develop new procedures employing heterogeneous catalysts with basic character [9] .
The homogenous catalytic methodologies reported in the literature have many disadvantages, such as disposal of waste and difficulty to recover the catalyst from the products. In the last decade, there were notable improvements in the development of heterogeneous catalyst for Henry reaction [10] .
Heterogeneous catalysis induced by solid catalysts such as basic alumina [11] , alumina-KF [12] and homogeneous phase transfer catalysis with surfactants [13] in bi-phase system, the two divergent approaches being explored are aimed at achieving higher atom selectivity. The solid base catalysts provide an alternative to the classical soluble bases with emphasize to avoid the environmental problems caused by salt formation and hazardous conditions [14] . Previous wok in the synthesis of fine chemicals using layered double hydroxides revealed the importance of such materials and discovered its environmentally favorable routes in comparison to the other catalysts [15] [16] [17] [18] [19] [20] .
Results and Discussion
Henry reaction is a base-catalyzed C-C bond-forming reaction between nitroal- To compare the three types of this condensation reaction yield, it should be taken in consideration from literature the most optimum temperature for this reaction by conventional method was 90˚C. While in this research temperature in conventional method decreased by using catalysts, Table 1 represented the yield of this nitro aldol condensation reaction using three methods.
The use of uncalcined HT was not efficient enough like the other catalyst used and the reaction yields and time were near to the reaction yield and time in the absence of any catalyst and solvents in spite of temperature change and decreased to 60˚C, as shown in For Cu:Al 3:1 and Cu:Mg:Al 2:1:1 the reaction tended to be completed in a short time. This can be explained by the catalyst which has higher copper content was more active in this serious. One also could observe that aldehyde which has little electron withdrawing group influence and enhance the reaction activity. By the way microwave yields are the highest every time.
By the way from Table 3 the reaction tented to be finished between 4 -6.5 min using M.W and 300 -480 min using conventional method by maximum yield 87% and 63% respectively. While using solvated catalyst reaction Table 2 completed at 3 -4 min M.W and 300 min. by using conventional method in a max. Yield % 94% and 71% respectively. The 99% yield percentage obtained by using clacined Cu:Al 3:1, using M.W at 1.5 -2 min. But using of calcined Cu:Mg:Al (2:1:1) gave 98% yield as a highest yield percentage this may attributed to the crystalline structure of Cu:Al 3:1 [22] . The difference in reaction catalysts, yield and time was illustrated in Figures 1-5 .
Where: Figure 1 : Compare between different methods time and yield without any catalysts. FTIR (Fourier transform infrared spectroscopy) of HT catalyst series sample ( Figure 7 ) showed a broad band at nearly 3500 cm −1 belonged to stretching vibration OH. This might be because of the water interlayer and hydroxyl groups in HT series [24] . Small weak band appeared at 1650-1700. This might be related to the bridging mode H O-CO − . Because of the vibrational mode of water a weak peak at 1590 cm −1 appeared in the infrared spectrum which might be related to interlayer of water [25] . The peak around 1340 cm −1 belonged to carbonate. All of carbonate bands of HT catalysts were removed completely during calcinations at 450˚C [26] . This was as a result of complete thermal decomposition of hydrated catalysts phase into mixed metal oxides, which gave a good indication of the XRD data [27] [28] . 
Methodology
All chemicals used were purchased from Sigma Alderich, analytical trade.
1 H-NMR spectra, 13 C-NMR spectra were recorded on Bruker AM250 NMR spectrometer using CDCl 3 as solvent for the samples. Mass spectra were recorded on Shimadzu LCMS-QP 800 LC-MS, IR for the synthesised compounds were recorded in potassium bromide discs on Shimadzu FT IR 8101 PC infrared spectrophotometer. Elemental analysis was obtained using PerkinElmer 2400 II series CHN Analyser. Thin-layer chromatography (TLC) was carried out on pre-coated Merck silica gel F254 plates to 80˚. Melting points of the prepared compounds were measured on a Gallenkamp melting point apparatus.
1) Catalysts a) Synthesis
Catalysts were prepared by co-precipitation methods as literature [29] Cu metal modified HT Mg:Al was prepared by memory effect [30] , where typically, 1.0 g the as-prepared HT-As was treated with an aqueous Cu 2+ nitrate or sulfate solution (0.1 mol/L, 100 mL) with stirring at room temperature for 48 h to reconstruct into the layered hydrotalcite structure. The resulting products were filtered, washed several times with distilled water and dried at 100˚C for 12 h, while the HT-Cu catalyst was obtained. Then Cu-modified Mg-Al catalysts were prepared in oven at 500˚C for 7 h under a flowing stream of pure N 2 .
iii-Clacined Cu:Al were added to a vesicle, and the mixture was mixed strongly with a glass-rod at room temperature. The mixture was added in a Teflon vial and irradiated under 350 W microwave till the reaction temperature raised to 120˚C with fixed microwave pressure. The vial was exposed to microwaves for a required time to complete the reaction. Check the reaction and monitor it using TLC using (eluent; Diethyl ether: chloroform) every 1 min. until the reaction reached the end.
Then the product mixture was cooled and extracted using ethanol analytical grade. The process were repeated using different aldehyde and different to form compounds from a -o.
The product compounds were purified by crystallization using EtOH/DMF solvent mixture to afford the pure crude β-nitroalcoohls a -o in an excellent yield.
ii-Using catalyst Catalysts 0.5 g from HT-1 up to HT-5 were used and added by repeated adequate sequence to a reaction mixture as mentioned above for the series a -o till the reaction completed as before.
Each time and each run the catalysts were removed by filtration and washing by hot ethanol after that the excess solvent was removed by vaporization to get the final solid product. The product compounds were purified by crystallization using EtOH/DMF solvent mixture to afford the pure crude β-nitroalcoohls a -o in an excellent yield.
b) Conventional Method
The reaction were carried on electrical heating hotplate with stirrer and the methods as mentioned above in microwave irradiated were applied without catalyst at 90˚C and with the catalysts series at 60˚C for the series of catalysts and series of the aldehydes and nitro alkanes. The reactants aldehydes, nitroalkanes and catalyst were added together in a round flask bottle, closed with rubber septum connected to a condenser, after the completion of the reaction, the mixture cooled room air temperature then separated and purified as above mentioned and also the catalyst was treated as the above method. 
Conclusion
In brief, we reported Henry reaction between benzaldehyde and nitromethane over solid base catalysts. Cu:Mg:Al-HT catalyst gave a precious advantage over all solid base catalysts under investigation especially calcied Cu:Al 3:1 (HT-5).
Microwave irradiation technique introduced us high yields of β-alcohol derivatives using the prepared series of HT solid catalyst in very short time. Strong Basic characterization of catalyst was responsible for the power of catalytic activity.
HT series kept their physical properties (texture and structure) even after many catalytic runs, which facilitated gaining of high yields beta nitro alcohols. These synthesized derivatives are of great importance in industry and medical uses.
